
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number: 0  6 0 7   5 3 0   A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  93118816.3 

@  Date  of  filing:  23.11.93 

int.  CIA  B01D  45/00,  B01D  50 /00 ,  
B04C  5/28,  C10G  9/32,  
C10G  11 /18  

®  Priority:  21.01.93  US  981301  ©  Applicant:  Bartholic,  David  B. 
75  Wetumpka  Lane 

@  Date  of  publication  of  application:  Watchung  New  Jersey  07060(US) 
27.07.94  Bulletin  94/30 

@  Inventor:  Bartholic,  David  B. 
©  Designated  Contracting  States:  75  Wetumpka  Lane 

BE  DE  ES  FR  GB  IT  NL  Watchung  New  Jersey  07060(US) 

©  Representative:  Marsh,  Roy  David  et  al 
Hoffmann  Eitle  &  Partner 
Patent-  und  Rechtsanwalte 
Arabellastrasse  4 
D-81925  Munchen  (DE) 

©  Improved  solids-gas  separation  apparatus  and  method. 

©  Apparatus  for  separating  particulate  solids  from 
a  process  gas  stream  which  includes  one  or  more 
primary  separation  chambers,  preferably  ballistic 
separation  chambers,  for  removing  a  major  portion 
of  the  solids  entrained  in  the  gas  stream.  One  or 
more  secondary  separator  chambers  containing 
multi-cyclones  are  employed  for  removing  substan- 
tially  all  of  the  remaining  solids  from  the  gas  dis- 
charged  from  the  primary  separator  chamber.  The 
ballistic  separation  chamber  has  an  inlet  portion  and 
a  larger  diameter  outlet  portion,  and  it  may  have  an 
arcuate  shape  to  aid  in  the  separation.  In  one  pre- 

^-  ferred  embodiment  a  plurality  of  horizontally  extend- 
^   ing  ballistic  separation  chambers  are  connected  to  a 
q   top  portion  of  a  transport  riser,  a  plurality  of  the 
flf)  secondary  separation  chambers  having  off-gas  out- 
W  lets  connected  to  a  cup-shaped  off-gas  collector 
1^  housing  are  positioned  above  the  gas  outlets  of  the 
O  ballistic  separation  chambers  and  a  conical  catalyst 

outlet  vessel  connected  to  the  solids  outlets  of  the 
©  secondary  chamber  extends  downwardly  into  the 

transport  riser  for  returning  separated  solids  to  a 
Ijj  source  vessel. 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.4) 



1 EP  0  607  530  A1 2 

Field  of  the  Invention 

This  invention  relates  to  a  method  and  appara- 
tus  for  the  separation  of  entrained  solid  particles 
from  a  process  gas  stream,  and  more  particularly 
to  a  fluidized  catalytic  cracking  process  employing 
such  a  method  and  apparatus. 

Background  of  the  Invention 

The  fluid  catalytic  cracking  (FCC)  unit  has 
been  a  main  processing  unit  in  oil  refineries  since 
the  1940's,  when  the  first  FCC  process  was  com- 
mercialized.  Since  that  time  there  have  been  many 
mechanical  and  technical  improvements  in  the  ba- 
sic  processing  system  and  many  processing  vari- 
ations  based  on  fluidization  of  solid  particles  have 
been  introduced  and  commercialized.  An  inherent 
problem  in  all  fluidized  systems  is  the  control  of 
the  particulate  effluent,  which  involves  separating 
the  fluidizing  media  (process  gas)  and  the  en- 
trained  solid  particles. 

The  original  FCC  units  used  small  cyclones  in 
the  reactor  system  to  separate  reaction  gases  from 
solids  (catalyst)  entrained  with  the  gas  product 
from  the  reactor  and  returned  the  catalyst  back  to 
the  process  reactor  bed.  Because  of  design  con- 
siderations,  the  FCC  regenerator  recycled  solids 
(catalyst)  back  to  the  regenerator  from  an  electro- 
static  precipitator,  which  was  a  principal  separation 
means  employed  for  separating  entrained  par- 
ticulates  from  the  regenerator  flue  gas  before  vent- 
ing  the  flue  gas  to  the  atmosphere.  As  metallurgy 
and  technology  improved,  the  FCC  type  systems 
standardized  on  cyclones  as  the  primary  means  of 
separating  the  circulating  solids  entrained  with  the 
gases  from  both  the  reactor  and  regenerator.  Since 
the  late  1940's,  the  industry  standard  for  the  regen- 
erator  has  been  to  have  two  stages  of  cyclones 
separating  and  returning  the  catalyst  to  the  circulat- 
ing  inventory.  The  early  reactors  were  designed 
with  only  single  stage  cyclones  in  the  reactor  sys- 
tem.  Newer  FCC  reactors  have  been  designed  with 
both  single  and  two  stage  cyclone  systems. 

The  main  problem  in  design  of  the  cyclone 
systems  for  a  FCC  type  system  containing  a  reac- 
tor  and  regenerator  is  balancing  the  cyclone  effi- 
ciencies.  That  is,  the  reactor  cyclone(s)  efficiency, 
as  measured  by  the  size  of  the  particles  removed, 
must  be  the  same  or  slightly  better  in  the  reactor 
than  in  the  regenerator,  as  the  catalyst  losses  from 
the  reactor  are  more  difficult  to  handle  than  those 
from  the  regenerator.  In  the  late  1960's  and  early 
1970's,  as  more  emphasis  was  placed  on  envi- 
ronmental  considerations  and  the  reduction  of  par- 
ticulate  emissions  from  FCC  regenerators,  the  effi- 
ciency  of  regenerator  cyclones  was  improved  by 
the  reduction  of  the  gas  outlet  tube  size.  However, 

this  improvement  in  regenerator  cyclone  efficiency 
had  an  adverse  effect  on  the  losses  from  the 
reactor  side  and  increased  the  amount  of  catalyst 
in  the  FCC  slurry  oil.  This  then  resulted  in  another 

5  type  of  environmental  problem;  the  disposal  of 
increased  oily  catalyst  waste  from  slurry  product 
tanks.  In  this  same  time  period  there  was  increased 
emphasis  on  increasing  FCC  plant  capacities,  so 
the  trend  was  to  go  to  larger  and  larger  cyclones, 

io  which  directionally  decreases  cyclone  efficiency 
and  results  in  higher  losses  per  cubic  foot  of  gas 
treated. 

During  the  late  1960's  and  early  1970's, 
zeolytic  catalysts  were  introduced.  This  increased 

75  the  pressure  to  lower  the  reactor  catalyst  losses. 
With  the  introduction  of  zeolytic  catalyst,  the  use  of 
recycle  to  obtain  conversion  was  not  necessary. 
The  use  of  slurry  recycle,  which  was  the  method 
used  to  recycle  reactor  catalyst  losses  back  to  the 

20  reactor  system  from  the  slurry  settler,  was  actually 
discouraged  as  it  resulted  in  decreased  catalytic 
selectivity  and  a  poorer  FCC  reactor  yield  struc- 
ture. 

The  pressure,  which  started  in  the  early  1960's, 
25  to  increase  the  capacity  of  the  existing  FCC  units 

to  their  maximum  capacity  resulted  in  reaching  the 
mechanical  limits  on  the  reactor  size.  That  is,  the 
existing  reactor  size  was  not  big  enough  to  accom- 
modate  any  more  cyclones  or  two  stages  of  cy- 

30  clones.  Also,  because  of  the  erosive  nature  of 
service  and,  in  the  case  of  reactor  cyclones,  the 
potential  for  coking,  the  industry  was  not  prepared 
at  this  time  to  accept  or  design  cyclones  as  pres- 
sure  vessels  and  to  locate  the  cyclones  outside  of 

35  the  reactor  or  regenerator.  Because  of  these  limits, 
the  first  riser  cracking  system  was  put  on  stream 
as  a  method  of  reducing  the  particulate  loading  of 
the  reactor  cyclone  system.  Since  that  first  riser 
reactor  installation  in  the  early  1970's,  there  has 

40  been  a  proliferation  of  ideas  for  better  catalyst  and 
gas  separation  from  the  top  of  the  riser.  An  exam- 
ple  of  this  is  the  vented  riser  described  in  Meyers, 
et  al.,  U.S.  Patent  Nos.  4,066,533  and  4,070,159. 

Another  critical  consideration  in  the  design  of 
45  both  the  reactor  and  regenerator  is  to  design  the 

cyclone  systems  to  maintain  a  certain  particle  size 
in  order  to  maintain  circulation  and  fluidization.  As 
an  example,  FCC  systems  employing  "U-bends" 
must  operate  with  a  lower  Average  Particle  Size 

50  (APS),  more  in  the  less  than  40  micron  APS,  than 
FCC  systems  that  employ  shorter  and  straighter 
standpipes.  For  this  reason,  in  particulate  fluidiza- 
tion  systems  the  cyclones  must  have  a  minimum 
efficiency.  Also,  the  fresh  catalyst  supplied  must  be 

55  in  a  certain  particulate  size  range,  as  well  as  meet 
certain  diffusion  (activity)  and  attrition  criteria  to 
function  in  the  unit.  Thus,  the  solution  to  reducing 
particulate  emissions  is  not  as  easy  as  merely 
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using  a  larger  particle. 
Recently  there  have  been  several  notable  de- 

velopments  in  FCC  cyclone  technology.  One  FCC 
technology  is  employing  external  cyclones,  but  still 
uses  bed  rather  than  transport  type  two  stage  re- 
generation  and  riser  type  cracking  in  the  reactor. 
This  type  of  design  has  about  the  same  capital 
requirements  as  locating  the  cyclones  internally  in 
the  reactor  and  regenerator  vessels.  When  using 
external  cyclones,  the  FCC  units  are  much  more 
difficult  to  design  because  each  individual  cyclone 
that  was  once  located  inside  the  reactor  and  regen- 
erator  now  becomes  a  pressure  vessel,  and  while 
the  cyclone  inlets  and  gas  outlets  can  be  manifol- 
ded,  each  of  the  cyclone  diplegs  must  be  returned 
to  the  vessel.  This  results  in  a  multitude  of  cyclone 
diplegs  than  need  to  return  the  catalyst  from  each 
of  the  first  and  second  stage  cyclones  back  to  the 
vessel  at  the  same  elevation  in  the  vessel.  These 
returns  and  their  resulting  reinforcing  pads  usually 
sets  the  size  (diameter)  of  the  vessel  to  accom- 
modate  the  openings,  and  therefore,  there  is  little 
or  no  savings  in  this  type  of  design. 

Another  cyclone  system  of  note  is  the  Euripos 
third  stage  cyclone  described  in  U.S.  Pat.  No. 
4,348,215.  The  reasons  this  system  is  used  as  a 
third  stage  system  and  not  as  a  primary  or  secon- 
dary  system  to  separate  the  catalyst  from  the  ef- 
fluent  gas  and  return  the  catalyst  to  the  circulating 
inventory  are  two-fold.  First  there  is  a  definite  limit 
on  the  particulate  concentration  (loading)  the  sys- 
tem  can  handle  without  flooding,  and  bed  type 
regenerators,  which  is  today's  prevalent  technol- 
ogy,  are  prone  to  high  particulate  concentrations. 
Secondly  the  efficiency  of  the  system  as  described 
is  too  high.  If  one  could  overcome  the  particulate 
loading  problem,  the  second  problem  of  maintain- 
ing  the  desired  balance  in  the  reactor  and  regen- 
erator  cyclone  efficiencies  is  a  major  concern.  The 
concern  over  potential  coking  problems  in  the  reac- 
tor  has  eliminated  this  type  of  system  from  consid- 
eration  for  the  reactor. 

The  use  of  this  high  efficiency  Euripos  type 
system  on  the  regenerator  and  not  the  reactor, 
which  would  be  the  same  as  recycling  the  tertiary 
or  precipitator  fines  back  to  the  process  unit  in 
today's  state  of  the  art  units,  would  result  in  in- 
creased  catalyst  losses  from  the  reactor  because 
of  the  imbalance  of  the  cyclone  efficiencies.  Also,  it 
is  often  believed  that  the  increased  barrel  veloci- 
ties,  which  are  the  source  of  the  increased  efficien- 
cies  of  the  smaller  cyclones,  will  result  in  increased 
attrition  and  higher  catalyst  losses  if  used  on  the 
circulating  inventory. 

Besides  decreasing  the  gas  outlet  tubes  for 
increased  efficiency,  the  industry  has  been  using 
the  same  cyclone  technology  in  both  the  reactor 
and  regenerator  since  the  1950's,  and  coping  in 

different  ways  with  the  reactor  catalyst  carryover 
into  the  slurry  product. 

Thus,  a  general  objective  to  the  present  inven- 
tion  is  to  overcome  the  aforementioned  and  other 

5  related  problems  in  prior  art  systems  for  separating 
particulates  from  process  gas  streams. 

A  primary  object  of  the  present  invention  is  a 
method  and  apparatus  for  controlling  particulate 
emissions  in  a  system  employing  a  gaseous  fluidiz- 

io  ing  media  to  transport  particulate  solids. 
Another  object  of  the  invention  is  an  improved 

solids-gas  separation  system  which  achieves  an 
increased  efficiency  of  particulate  removal  from  a 
fluidized  solids  process  stream. 

is  Still,  another  object  of  the  invention  is  a  solids- 
gas  separation  system  which  enables  decreased 
capital  requirements  when  employed  in  a  process 
unit  using  a  gaseous  fluidizing  medium  to  transport 
particulate  solids. 

20  Yet,  another  object  of  the  invention  is  an  FCC 
or  3D  type  (as  hereinafter  described)  processing 
system  which  utilizes  only  one  stage  cyclones,  as 
compared  to  current  state  of  the  art  processing 
systems  utilizing  two  stages  of  cyclones,  to 

25  achieve  a  very  low  level  of  particulate  solids  in 
regenerator  flue  gases  exhausted  to  the  atmo- 
sphere  and/or  in  reactor  effluent  vapors. 

Other  objects  and  advantages  of  the  present 
invention  will  become  apparent  from  the  following 

30  description  thereof  and  from  the  practice  of  the 
invention. 

SUMMARY  OF  THE  INVENTION 

35  The  present  invention  utilizes  only  one  stage  of 
cyclones,  as  compared  with  the  current  state  of  the 
art  which  utilizes  two  stages  of  cyclones,  and  re- 
sults  in  decreased  capital  requirements  and  an 
increased  particulate  removal  efficiencies  when  ap- 

40  plied  to  both  the  reactor  and  regenerator  systems 
of  an  FCC  type  or  3D  type  (as  hereinafter  de- 
scribed)  processing  systems.  This  invention  is  best 
utilized  on  fluidized  combustion  devices,  such  as 
fluid  cokers,  FCC  regenerators,  ART  burners,  3D 

45  regenerators,  or  fluidized  bed  boilers,  where  one 
contacts  a  fluidized  solid  with  combustion  air  and 
maintains  a  fluidized  bed,  or  transport  solid  sys- 
tems  where  the  solids  and  combustion  gases  must 
be  separated  before  releasing  the  flue  gases  to  the 

50  atmosphere.  It  is  also  applicable  to  FCC  type  reac- 
tor  systems  including  bed,  riser  or  MSCC  (as 
hereinafter  described)  type  systems  to  separate  the 
reactor  effluent  vapors  from  the  entrained  catalyst. 

To  achieve  the  objects  and  in  accordance  with 
55  the  purposes  of  the  present  invention  there  is  pro- 

vided  an  apparatus  for  separating  particulate  solids 
from  a  process  gas  stream,  which  apparatus  com- 
prises  a  ballistic  separation  chamber  comprising:  a 
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first  chamber  portion  having  a  first  end  portion  in 
which  there  is  positioned  an  inlet  means  for  in- 
troducing  thereinto  a  process  gas  stream  contain- 
ing  entrained  solid  particles;  a  second  chamber 
portion  joined  to  and  in  flow  communication  with 
the  first  chamber  portion  so  as  to  provide  in  the 
chamber  a  flow  path  extending  from  the  inlet 
means  toward  a  second  end  portion,  the  second 
chamber  portion  having  a  cross  sectional  flow  area 
greater  than  that  of  the  first  chamber  portion  and 
having  the  second  end  portion  spaced  downstream 
from  the  junction  of  the  first  and  second  chamber 
portions;  solid  particle  outlet  means  positioned  in 
the  second  chamber  portion  intermediate  the  junc- 
tion  and  the  second  end  portion  for  removing 
therefrom  a  stream  rich  in  separated  solid  particles; 
gas  outlet  means  positioned  in  the  separation 
chamber  intermediate  the  inlet  means  and  the  solid 
particle  outlet  means  for  removing  therefrom  a 
stream  rich  in  process  gas;  and  baffle  means  ar- 
ranged  in  the  separation  chamber  between  the  inlet 
means  and  the  gas  outlet  means  for  directing  the 
process  gas  stream  and  entrained  solid  particles 
introduced  through  the  inlet  means  along  the  flow 
path  past  the  gas  outlet  means. 

In  another  embodiment  of  the  present  invention 
there  is  provided  apparatus  for  separating  par- 
ticulate  solids  from  a  process  gas  stream,  which 
apparatus  comprises:  a  primary  inlet  means  for 
introducing  into  the  apparatus  a  process  gas 
stream  containing  entrained  solid  particles  received 
from  a  source  vessel;  a  primary  ballistic  separation 
chamber  in  flow  communication  with  the  primary 
inlet  means  for  receiving  the  gas  stream  and  en- 
trained  solid  particles  introduced  thereinto  and  ef- 
fecting  therein  a  ballistic  separation  of  a  major 
portion  of  the  solid  particles  from  the  process  gas; 
the  primary  separation  chamber  comprising  (1)  a 
first  chamber  portion  having  a  first  end  portion  in 
which  the  primary  inlet  means  is  positioned  and  (2) 
a  second  chamber  portion  joined  to  and  in  flow 
communication  with  the  first  chamber  portion,  hav- 
ing  a  cross  sectional  flow  area  greater  than  the  of 
the  first  chamber  portion  and  positioned  down- 
stream  from  the  primary  inlet  means;  a  secondary 
separator  chamber  for  receiving  a  process  stream 
containing  a  minor  portion  of  the  solid  particles 
from  the  second  chamber  portion,  the  secondary 
separator  chamber  having  a  secondary  inlet  means 
providing  direct  flow  communication  between  the 
secondary  separator  chamber  and  the  second 
chamber  portion;  a  plurality  of  cyclone  separators 
positioned  within  the  secondary  separator  chamber 
for  receiving  process  gas  and  entrained  solid  par- 
ticles  entering  the  secondary  separator  chamber 
and  for  separating  substantially  all  of  the  solid 
particles  in  the  process  gas  entering  the  secondary 
separator  chamber;  a  secondary  solid  particle  out- 

let  means  in  the  secondary  separation  chamber  for 
removal  therefrom  of  solid  particles  separated  from 
process  gas  by  the  cyclone  separators;  off-gas 
outlet  means  in  the  secondary  separator  chamber 

5  for  removing  therefrom  process  gas  substantially 
free  of  the  solid  particles;  and  primary  solid  particle 
outlet  means  in  the  second  chamber  portion  inter- 
mediate  the  junction  of  the  first  and  second  cham- 
ber  portions  and  a  second  end  portion  of  the  sec- 

io  ond  chamber  portion  remote  from  the  first  end 
portion  for  removal  of  the  major  portion  of  the  solid 
particles  separated  from  the  process  gas  in  the 
primary  separation  chamber. 

In  accordance  with  an  especially  preferred  em- 
is  bodiment  of  the  present  invention,  the  above  ballis- 

tic,  or  primary,  separator  chamber  is  an  elongated, 
generally  horizontal  vessel  which  is  curved  along 
its  longitudinal  axis  to  provide  an  arcuate  flow  path 
so  as  to  enable  the  utilization  of  centrifugal  force  to 

20  further  enhance  the  efficiency  of  the  gas-solids 
separation  therein.  Such  an  arrangement  facilitates 
the  incorporation  of  the  apparatus  of  the  invention 
into  existing  vessels  of  a  processing  unit  since  the 
primary  separator  length  and  diameter  can  conform 

25  to  a  circular  vessel,  while  improving  the  efficiency 
of  separation,  facilitating  the  designs  and  layout 
either  inside  or  outside  of  a  process  vessel  and 
enabling  the  use  of  preferred  straight  lines  for 
returning  the  separated  solid  particles  to  a  source 

30  vessel. 
Another  preferred  embodiment  of  the  invention 

provides  an  apparatus  for  separating  entrained  par- 
ticulate  solids  from  a  fluidizing  gas,  which  appara- 
tus  comprises  primary  separation  means  for  sepa- 

35  rating  a  major  portion  of  the  entrained  solids  from 
the  gas  and  producing  an  upwardly  flowing  primary 
separated  gas  containing  a  remaining  minor  portion 
of  the  entrained  solids,  and  secondary  separation 
means  positioned  above  the  primary  separation 

40  means  for  receiving  the  primary  separated  gas, 
removing  substantially  all  of  the  remaining  solids 
from  the  primary  separated  gas  and  producing  an 
off-gas  having  a  reduced  solids  content,  the  secon- 
dary  separation  means  including,  an  off-gas  collec- 

45  tor  housing  having  an  off-gas  outlet  for  discharging 
the  gas  substantially  free  of  the  solids,  a  plurality  of 
secondary  separation  chambers  each  having  a  sec- 
ondary  gas  inlet  for  receiving  said  primary  sepa- 
rated  gas,  a  secondary  gas  outlet  in  flow  commu- 

50  nication  with  the  off-gas  collector  housing  and  a 
secondary  solids  outlet  for  discharging  therefrom 
substantially  all  of  the  remaining  solids,  and  mul- 
tiple  cyclonic  separators  in  each  of  the  secondary 
separator  chambers  for  effecting  the  separation  of 

55  the  remaining  solids  from  the  primary  separated 
gas  Preferably,  the  off-gas  collector  housing  is  cup- 
shaped  and  positioned  over  a  conical  secondary 
solids  outlet  vessel  for  receiving  the  remaining  sec- 

4 
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ondary  solids.  Advantageously,  the  herein  de- 
scribed  ballistic  separator  chambers  are  used  for 
the  primary  separation  and  these  are  positioned 
near  the  top  of  a  transport  riser. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  present  invention  will  be  described  herein- 
below  with  reference  to  the  accompanying  draw- 
ings,  wherein  like  numbers  designate  like  parts  of 
the  apparatus  illustrated  in  each  of  the  Figures  and 
wherein: 

Fig.  1  schematically  illustrates  a  first  embodi- 
ment  of  the  present  invention  wherein  the  gas- 
solids  separation  apparatus  is  installed  external 
of  a  process  vessel; 
Fig.  2  schematically  illustrates  a  second  em- 
bodiment  of  the  present  invention  wherein  the 
gas-solids  separation  apparatus  is  installed  inter- 
nally  in  a  process  vessel; 
Fig.  3(A)  schematically  illustrates  an  embodi- 
ment  of  the  ballistic  separation  chamber  of  the 
present  invention  wherein  the  gas  outlet  is  lo- 
cated  in  a  top  portion  thereof; 
Fig.  3(B)  schematically  illustrates  an  embodi- 
ment  of  the  ballistic  separation  chamber  of  the 
present  invention  wherein  the  chamber  is  verti- 
cal  and  the  gas  outlet  is  located  on  one  side 
thereof. 
Fig.  4  schematically  illustrates  a  top  view  of  an 
embodiment  of  the  ballistic  separation  chamber 
of  the  present  invention  wherein  both  ballistic 
and  centrifugal  forces  are  employed  to  separate 
entrained  particulate  solids  from  a  process  gas 
stream; 
Fig.  5  is  cut-away  side  view  of  a  horizontal 
cyclone  apparatus  within  a  secondary  separator 
chamber  which  may  be  used  in  accordance  with 
the  present  invention; 
Fig.  6  schematically  illustrates  a  MSCC  unit 
catalyst  regenerator  employing  a  plurality  of  the 
ballistic  separator  chambers  of  Fig.  3  in  conjunc- 
tion  with  a  secondary  separator  chamber  of  the 
type  shown  in  Fig.  5,  but  provided  with  vertical 
multi-cyclones  therein;  and 
Fig.  7  is  an  enlarged  view  of  the  secondary 
separator  system  of  Fig.  6. 

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  Discriminatory  Destructive  Distillation  (3D) 
Process  and  the  Milli-Second  Catalytic  Cracking 
(MSCC)  Process  are  described  in  my  U.S.  Patent 
Nos.  4,985,136  and  4,859,315,  respectively,  both  of 
which  are  incorporated  herein  by  reference.  Those 
processes  have  resulted  in  a  reactor  contacting 
method  that  greatly  reduces  the  size  (diameter)  of 
the  reactor  vessel  when  compared  to  today's  de- 

sign  and  greatly  reduces  the  size  (diameter)  of  the 
regenerator  vessel. 

A  purpose  of  the  present  invention  is  to  permit 
the  ultimate  use  in  the  3D  and  MSCC  process 

5  technologies  of  a  unique  catalyst/solid  separation 
system  in  the  regenerator  and  reactor  that  will 
enable  a  reduction  in  the  size  of  both  the  reactor 
and  regenerator  vessels  and  the  elimination  of  one 
complete  stage  of  cyclones.  This  unique  system 

io  will  also  enable  the  reduction  of  the  number  of 
catalyst  return  pipes  to  three  for  any  size  unit, 
compared  to  conventional  technology  using  one 
dipleg  per  cyclone  for  return  of  the  particulates  to 
the  process  vessel,  when  utilizing  external  cy- 

15  clones,  greatly  reduces  the  complexity  of  design 
and  lowers  the  capital  investment.  This  same 
unique  system  is  also  useful  in  the  reactor  and 
enables  increased  efficiency  of  both  the  reactor 
and  regenerator;  when  compared  to  today's  state 

20  of  the  art.  This  will  translate  into  lower  particulate 
emissions  from  both  the  reactor  and  regenerator  of 
these  and  other  fluidized  solids  systems. 

As  an  example,  the  3D  Process,  employed  for 
upgrading  residual  oil  or  heavy  crudes,  utilizes  the 

25  asphaltene  molecule  in  the  feed  as  the  source  of 
energy  for  vaporizing  the  feed.  Therefore,  the  coke 
yield  is  usually  equal  to  or  less  than  the  Conradson 
Carbon  in  the  feed.  If  one  were  to  design  a  3D  unit 
to  process  50,000  BPD  of  Maya  crude  containing 

30  10%  Conradson  Carbon  in  a  conventional  manner 
(i.e.  a  regenerator  containing  two  stages  of  conven- 
tional  cyclones),  the  regenerator  diameter  would 
need  be  about  70  feet  to  accommodate  at  least  16 
sets  of  the  largest  two  stage  cyclones  (68  inch 

35  diameter  barrels)  produced.  If  these  same  cyclones 
were  placed  outside  the  unit  as  pressure  vessels, 
the  regenerator  diameter  would  still  need  to  be 
about  50  feet  to  accommodate  all  of  the  dipleg 
returns.  However,  if  one  designed  this  same  sys- 

40  tern  as  described  in  the  above  patents  the  regen- 
erator  diameter  would  be  about  20  feet.  This  latter 
size  would  not  permit  the  use  of  conventional  cy- 
clone  technology. 

The  present  invention  provides  a  novel  and 
45  continuous  process  and  apparatus  useful,  e.g.,  in 

an  FCC  process  for  separating  the  regenerator  flue 
gas  from  the  particulates  in  the  flue  gas  and  return- 
ing  the  particulates  to  the  circulating  inventory.  The 
present  invention  involves  a  primary  separation  of 

50  the  particulate  solids  from  the  vapors  based  upon 
horizontal  ballistic  separation  of  the  particles  from 
the  vapors  prior  to  the  vapors  entering  a  secondary 
cyclone-type  separation  device.  The  secondary 
separation  device  is  based  upon  the  use  of  a 

55  multiple  of  small  cyclones  which  are  larger  than 
those  used  in  the  Europis  third  stage  cyclone  de- 
scribed  in  U.S.  Pat.  No.  4,348,215  but  smaller  than 
those  used  in  commercial  FCC  reactor  and  regen- 
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erator  systems. 
One  embodiment  of  the  present  invention  is 

shown  in  Fig.  1,  which  depicts  the  use  of  the 
present  invention  in  an  external  system  near  the 
top  of  a  transport  riser,  but  one  skilled  in  the  art  will 
realize  that  the  system  of  the  present  invention 
may  be  installed  inside  another  vessel  as  shown  in 
Fig.  2  if  so  desired.  Also,  the  embodiment  shown  in 
Fig.  1  may  be  installed  in  another  vessel  which 
houses  conventional  vertical  cyclones  where  the 
gas  outlet  of  the  present  invention  is  upward  and 
not  directly  connected  to  the  vertical  cyclones. 

As  shown  in  Fig.  1,  a  fluidized  mixture  of 
effluent  process  gas  and  entrained  catalyst/solids 
flows  upwardly  and  exits  the  upper  portion  of  a 
source  vessel  10,  e.g.,  a  riser  reactor  of  an  FCC 
unit  through  a  line  12,  which  may  be  either  horizon- 
tal  or  vertical.  The  catalyst/solids  entrained  in  the 
effluent  process  gas  can  be  either  the  total  cata- 
lyst/solids  circulation,  entrained  material  from  a 
fluidized  bed  or  from  a  previous  stage  of  separation 
or  a  mixture  of  these  as  might  be  the  case  in 
multiple  vessels.  Because  of  mechanical  consider- 
ations,  the  preferred  method  is  to  employ  a  hori- 
zontal  primary  ballistic  separation  chamber  14,  but 
those  skilled  in  the  art  will  realize  that  a  vertical 
system  will  also  perform  almost  as  well  and  the 
actual  configuration  may  be  dictated  by  mechanical 
considerations. 

The  primary  ballistic  separation  chamber  14 
comprises  a  first  chamber  portion  16  and  a  second 
chamber  portion  18  positioned  downstream  of  the 
first  chamber  portion.  The  primary  separation 
chamber  14  may  extend  generally  horizontal,  slope 
downwardly  (so  that  incoming  solids  flow  downwar- 
dly  toward  the  primary  solids  outlet  26)  or  extend 
downwardly,  but  it  should  not  be  positioned  so  that 
the  incoming  solid  particles  flow  upwardly.  The 
second  chamber  portion  is  joined  to  and  in  flow 
communication  with  the  first  chamber  portion  which 
has  a  first  end  portion  20  in  which  is  positioned  a 
primary  inlet  means  22,  such  as  an  opening,  con- 
nected  to  line  12  for  introducing  a  stream  of  fluidiz- 
ed  solid  particulates  and  process  gas  into  the 
chamber  14.  The  solids/gas  stream  preferably  con- 
tains  not  more  than  about  7,  and  most  preferably 
contains  from  about  0.3  to  about  5.0  pounds  of 
solid  particles  per  cubic  foot  of  gas.  The  fluidized 
solids/gas  stream  is  introduced  into  the  first  cham- 
ber  portion  at  a  velocity  of  from  about  40  to  about 
200,  and  preferably  from  about  70  to  about  120, 
feet  per  second. 

The  first  and  second  chamber  portions  are 
elongated  vessels  in  flow  communication  with  each 
other  to  provide,  a  flow  path  in  the  chamber  14 
extending  from  the  primary  inlet  22  toward  a  sec- 
ond  end  portion  24  of  the  second  chamber  portion 
22  which  is  located  downstream  from  the  junction 

21  of  the  first  and  second  chamber  portions  at  a 
distance  sufficient  to  permit  a  major  portion  of  the 
entrained  solid  particles  to  separate  in  the  second 
chamber  portion  from  the  solids/gas  stream. 

5  The  second  chamber  portion  18  has  a  cross- 
sectional  flow  area  sufficiently  greater  than  that  of 
the  first  chamber  portion  16  so  the  velocity  of  the 
solids/gas  stream  flowing  in  the  second  chamber 
portion  is  reduced  to  a  level  at  which,  in  combina- 

io  tion  with  the  distance  from  the  junction  of  the  two 
chamber  portions  to  the  second  end  portion,  a 
major  portion,  preferably  at  least  about  80%,  of  the 
entrained  solids  separate  from  the  solids/gas 
stream  as  it  passes  through  the  second  chamber 

is  portion. 
Referring  to  Figs.  1  and  2,  the  second  chamber 

portion  is  provided  in  a  lower  portion  thereof  with  a 
primary  solid  particle  outlet  means  26,  such  as  an 
opening  in  the  bottom  of  the  chamber,  for  with- 

20  drawing  therefrom  a  stream  rich  in  separated  solid 
particles  for  return  to  the  process  source  through 
line  28,  e.g.,  a  dip-leg,  connecting  the  solids  outlet 
means  26  and  the  process  source  vessel,  e.g.,  an 
FCC  unit  regenerator.  As  shown  in  Figs.  1  and  2, 

25  the  dip-leg  28  extends  into  a  lower  portion  of  FCC 
regenerator  30,  the  lower  end  of  the  dip-leg  ex- 
tends  into  the  regenerator  catalyst  bed  32  and  its 
lower  end  is  sealed  by,  e.g.,  a  vertical  flapper  valve 
34  or  a  horizontal  counter  weighted  valve.  The  solid 

30  particle  outlet  means  26  is  positioned  intermediate 
the  junction  of  the  first  and  second  chamber  por- 
tions  16  and  18  and  the  second  end  portion  24  and 
spaced  from  the  second  end  portion  at  a  distance 
which  permits  the  separated  particulates  to  fall  to 

35  the  bottom  of  the  second  chamber  portion  near  the 
second  end  portion  and  flow  by  gravity  through  the 
primary  solid  particle  outlet  means  26  into  solids 
withdrawal  line  28.  The  cross  sectional  flow  area  of 
the  inlet  (the  upper  portion)  of  line  28  preferably  is 

40  larger,  most  preferably  at  least  about  10  times 
larger,  than  the  cross-sectional  flow  area  of  the 
lower  portion  of  line  28  to  aid  in  de-gassing  the 
downwardly  flow  solids. 

The  second  chamber  portion  18  is  also  pro- 
45  vided  with  a  gas  outlet  means  36  positioned  in  the 

chamber  14  adjacent  the  junction  21  and  intermedi- 
ate  the  primary  solids/gas  inlet  22  and  the  primary 
solid  particle  outlet  opening  26,  for  withdrawing 
from  chamber  14  a  stream  rich  in  process  gas  and 

50  from  which  solids  have  been  separated  and  pass- 
ing  the  gas-rich  stream  to  a  secondary  separation 
chamber  38  wherein  a  further  solids-gas  separation 
is  effected  as  described  hereinbelow. 

While,  as  shown  in  Fig.  3(A),  the  second  cham- 
55  ber  portion  18  may  be  positioned  above  the  first 

chamber  portion  16  with  the  gas  outlet  means  36  in 
the  top  of  the  chamber  14,  it  is  sometimes  pre- 
ferred  that  the  second  chamber  portion  be  below 
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the  first  chamber  portion  and  the  gas  outlet  means 
be  positioned  in  the  bottom  thereof,  as  shown  in 
Fig.  1,  since  the  latter  arrangement  results  in  great- 
er  efficiency.  In  either  case,  it  is  important  that  a 
baffle  means  40  be  arranged  in  the  primary  separa- 
tion  chamber  14  between  the  primary  inlet  22  and 
the  primary  gas  outlet  36  for  directing  the 
solids/gas  stream  from  the  first  chamber  portion 
past  the  primary  gas  outlet  36,  so  that  the  heavier 
solid  particles  are  "shot"  past  the  gas  outlet  toward 
the  second  end  portion  24  and  can  separate  from 
the  stream  in  the  second  chamber  portion  18,  and 
the  resulting  stream  containing  a  reduced  amount 
of  solid  particles  passes  through  the  gas  outlet  36 
and  into  the  secondary  separation  chamber  38. 

Whether  the  gas  from  the  primary  separation 
chamber  exits  from  the  top  or  the  bottom  thereof, 
the  primary  inlet  22  is  taken  from  the  opposite  side 
of  the  baffle  40.  Also,  the  actual  location  of  the 
secondary  separation  chamber  relative  to  the  pri- 
mary  separation  chamber  is  not  critical  (i.e.  it  is  the 
outlet  from  the  primary  separation  chamber  which 
is  important).  The  secondary  chamber  can  be  lo- 
cated  at  any  convenient  position. 

In  an  embodiment,  as  shown  in  Figure  3,  the 
ballistic  separation  chamber  14  may  be  a  vertical 
chamber  wherein  the  primary  solids/gas  inlet 
means  22  is  positioned  above  the  vertically  extend- 
ing  first  and  second  chamber  positions  16  and  18. 
In  this  vertical  ballistic  separation  chamber  the  baf- 
fle  40  extends  downwardly  past  the  gas  outlet 
means  36  and  intermediate  the  primary  inlet  means 
22  and  the  primary  gas  outlet  36.  As  before,  a 
major  portion  of  the  entrained  solids  passes  down- 
wardly,  past  baffle  40,  through  the  second  chamber 
portion  18  and  exists  the  chamber  14  through  solid 
particle  outlet  means  26  at  the  lower  end  of  cham- 
ber  14,  which  a  stream  rich  in  process  gas  and 
from  which  solids  have  been  separated  passes 
upwardly  on  the  side  of  baffle  40  opposite  inlet 
means  22  and  exists  the  chamber  14  through  the 
primary  gas  outlet  36. 

Figure  4  illustrates  a  preferred  embodiment  of 
the  "ballistic  separator"  wherein,  to  increase  the 
separation  efficiency,  ballistic  separation  is  com- 
bined  with  centrifugal  separation.  This  system  uses 
centrifugal  separation  to  force  the  par- 
ticulates/solids  entering  with  the  process  gas  into 
primary  inlet  22  from  line  12  to  concentrate  at  the 
outer  wall  in  primary  separator  14,  in  both  the  first 
chamber  portion  16  and  the  second  chamber  por- 
tion  18,  so  that  less  solids  will  be  entrained  in  the 
gas  exiting  on  the  inside  radius  of  primary  separa- 
tor  14  through  gas  outlet  36  and  into  secondary 
separator  chamber  38  through  secondary  inlet  42. 
The  system  shown  in  Figure  4  is  especially  pre- 
ferred  as  it  is  easy  to  incorporate  into  existing 
vessels  since  the  primary  separator  14  length  and 

radius  can  be  conformed  to  a  circular  vessel,  it  will 
be  much  more  efficient  than  the  straight  horizontal 
system  shown  in  Figs.  1-3,  and  it  will  be  easier  to 
design  and  layout  either  inside  or  outside  of  a 

5  vessel  and  easier  to  maintain  straight  solids  return 
lines  to  the  process,  which  is  preferable. 

As  shown  in  Fig.  5,  the  secondary  separation 
chamber  38  is  provided  with  a  secondary  gas  inlet 
42  in  the  top  portion  which  is  in  flow  communica- 

io  tion  with  the  primary  gas  outlet  36  of  the  primary 
chamber  14.  Process  gas  and  the  remaining  en- 
trained  catalyst  pass  through  inlet  42  and  enter 
horizontal  cyclones  46  on  the  interior  of  secondary 
separation  chamber  38  which  separate  substantially 

is  all  of  the  remaining  entrained  solids  from  the  pro- 
cess  gas.  The  solids/gas  stream  entering  gas  inlet 
42  contains  a  minor  portion  of  the  total  solids 
entrained  in  the  solids/gas  stream  from  line  12  and, 
preferably  not  more  than  about  0.5  pounds  of  solid 

20  particles  per  cubic  foot  of  the  solids/gas  stream. 
The  off-gas  stream,  cleansed  by  cyclones  46  of 
substantially  all  of  the  solid  particles  and  preferably 
containing  not  more  than  about  0.0005  pound  of 
solid  particles  per  cubic  foot,  exits  the  secondary 

25  separation  chamber  38  through  off-gas  outlet  48 
connected  to  vent  line  50  which  vents  the  off-gas 
to  the  atmosphere.  The  separated  solids  are  col- 
lected  and  discharged  from  chamber  38  into  return 
line  44  and  returned  to  the  source  vessel  30. 

30  The  multi-cyclone  (multi-clone)  system  depict- 
ed  in  Fig.  5  is  a  Cytrol  Separator  which  is  available 
from  EMTROL  Corp.  of  Hauppauge,  NY;  however, 
other  multi-clone  systems  such  as  the  aforemen- 
tioned  Europis  cyclones  may  be  used  in  the  secon- 

35  dary  separator. 
The  number  of  cyclones  46  used  in  secondary 

separation  chamber  38  will  depend  on  the  volu- 
metric  flow  rate  and  the  diameter  of  the  cyclones 
will  vary  to  match  existing  cyclone  efficiencies.  For 

40  systems  that  are  stand  alone  like  fluidized  bed 
boilers  and  lime  stone  scrubbers,  the  diameter  of 
the  cyclones  will  be  less  than  10  inches  for  maxi- 
mum  efficiency.  For  systems  that  need  to  match 
another  cyclone  system  such  as  an  FCC  reactor 

45  utilizing  conventional  cyclones,  the  cyclone(s)  di- 
ameter  will  be  between  8  and  67  inches,  depend- 
ing  on  the  whether  the  reactor  utilizes  single  stage 
or  two  stage  cyclones  and  their  efficiency. 

Typically,  the  multi-clone  system  shown  in  Fig. 
50  5  is  designed  for  catalyst  solids  loadings  of  0.0001 

pound  per  actual  cubic  foot  of  gas.  As  the  diameter 
is  increased  to  approximately  24  inches,  this  load- 
ing  can  be  increased  to  from  about  0.15  to  0.50 
pound  per  cubic  foot  without  flooding.  Therefore, 

55  the  primary  separation  chamber  should  be  able  to 
decrease  the  typical  FCC  regenerator  or  reactor 
gas  loading  from  a  normal  1  to  2  pounds  per  actual 
cubic  foot  of  gas  to  a  range  which  will  not  flood  the 
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smaller  cyclones.  This  requires  that  the  first  cham- 
ber  portion  16  velocity  probably  be  greater  than  40 
fps  and  less  than  200  fps.  The  internal  baffle  40 
should  be  equal  to  or  extend  downstream  along  the 
flow  path  slightly  past  primary  gas  outlet  36  to 
prevent  short  circuiting  of  the  gas  flow.  The  dis- 
tance  from  the  end  of  the  baffle  40  to  the  intersec- 
tion  of  the  primary  solids  outlet  26  should  be  a 
minimum  of  one  pipe  diameter,  with  a  three  pipe 
diameter  distance  preferred.  The  length  of  the  sec- 
ond  end  portion  24  should  be  a  minimum  of  one 
pipe  diameter,  i.e.,  the  diameter  of  the  second 
chamber  portion  18,  with  1.5  diameters  preferred. 
These  dimensions  will  allow  for  the  catalyst  to  be 
propelled  into  the  second  chamber  18  from  the  first 
chamber  portion  16  and  to  deaerate  and  flow  by 
gravity  into  return  pipe  28  while  the  effluent  gas 
without  the  majority  of  the  entrained  catalyst/solid 
turns  and  enters  secondary  separation  chamber 
inlet  42.  The  catalyst/solids  in  return  pipe  28  is 
returned  to  the  process. 

The  final  clean  up  of  the  process  gas  is  ac- 
complished  in  multi-clone  system  which,  in  a  pre- 
ferred  embodiment  are  installed  (horizontally,  con- 
sists  of  cyclones  up  to  35  inches  in  diameter  to 
match  the  efficiency  of  the  other  cyclones  in  the 
processing  circuit.  As  shown,  the  treated  process 
gas  exits  the  secondary  separator  vessel  38 
through  secondary  gas  outlet  48  connected  to  off- 
gas  line  50.  The  separated  catalyst  from  the  cy- 
clones  in  secondary  separator  38  exits  by  gravity 
from  the  bottom  of  the  separator  through  lines  44 
and  44'  to  return  to  the  process. 

The  system  in  accordance  with  the  present 
invention  will  easily  handle  upsets  in  solids  loading 
because  of  the  increased  stability  offered  by  the 
inclusion  of  the  first  chamber  portion  16  and  the 
second  chamber  portion  18  in  the  primary  separa- 
tor  14. 

The  use  of  the  above-described  horizontal 
multi-cyclone  system  will  require  two  lines  from  the 
bottom  of  the  secondary  separator  vessel  to  pipe, 
the  debris  and  catalyst  surge  discharge  (through 
line  44')  and  the  separated  catalyst  discharge 
(through  line  44)  back  to  the  process,  and  these 
lines  are  sealed  at  the  bottom  in  a  dense  bed  of 
catalyst  or  with  a  sealing  valve  34,  34',  34"  (trickle 
valve  or  counterweighted  flapper  valve)  as  shown  in 
Figures  1  and  2.  Figure  1  shows  the  installation  of 
the  system  external  to  the  process  vessel  and 
integrated  into  a  fluid  system  as  described  for  the 
regenerator  in  the  above-mentioned  3D  and  MSCC 
patents.  This  external  system  could  also  be  used 
on  fluidized  bed  as  shown  in  Figure  2  by  returning 
the  three  catalyst  return  lines  back  to  the  bed  with 
external  connections.  Figure  2  shows  the  integra- 
tion  of  the  system  into  a  typical  dense  bed  regen- 
erator  system  or  a  reactor  system,  which  could  be 

a  riser  cracking  system,  a  MSCC  type  system  or 
another  fluid  bed  system. 

For  a  separator  that  uses  typical  cyclones  in- 
stalled  in  a  vertical  position  there  would  only  be 

5  one  (not  two)  catalyst  return  line  from  the  bottom  of 
the  separator  to  the  circulating  inventory. 

As  an  example  of  the  design  of  the  improved 
solids-gas  separation  system  in  accordance  with 
the  present  invention  for  a  process  unit  that  is 

io  using  100,000  acfm  (actual  cubic  feet  per  minute) 
of  process  gas  to  fluidize  particles  of  an  average 
particle  size  of  75  microns,  an  apparent  bulk  den- 
sity  of  55  #/ft3  (pounds  per  cubic  foot),  and  a 
skeletal  density  of  around  150  #/ft3,  such  that  the 

is  particulate  loading  into  the  inlet  of  the  improved 
separator  is  1  .0  #/ft3  is  as  follows: 

The  separator  can  be  located  either  internal  or 
external  to  the  process  vessel.  For  this  example, 
the  separator  is  assumed  to  be  located  external  to 

20  vessel  10  as  shown  in  Figure  1.  Vessel  10  is  a 
transport  type  riser  system.  The  100,000  acfm  of 
fluidizing  gas  and  particles  exits  vessel  10  through 
conduit  12,  which  is  normally  circular,  but  for  low 
pressure  operations  could  be  a  square  or  rectangu- 

25  lar  duct.  The  particulate  laden  gas  enters  primary 
separator  14,  through  first  chamber  portion  16,  an 
upper  circular  conduit  which  is  55  inches  ID  and 
150  inches  long.  This  length  includes  baffle  40. 
The  particles  exiting  the  first  chamber  portion  are 

30  propelled  into  the  second  chamber  portion  18,  the 
larger  end  of  the  primary  separator  14  (80  inch  ID) 
with  such  a  forward  force  that  they  are  not  en- 
trained  with  the  gas  as  it  turns  to  exit  the  primary 
separator  through  primary  gas  outlet  36  and  secon- 

35  dary  separator  inlet  42,  which  is  at  least  55  inches 
ID.  The  particles  are  propelled  past  conduit  28, 
which  is  located  120  inches  from  the  outlet  of  first 
chamber  portion  16  and  is  47  inches  ID,  into  sec- 
ond  chamber  portion  18,  which  is  100  inches  long 

40  and  80  inches  ID,  where  the  particulates  deposit 
and  flow  by  gravity  into  return  pipe  28. 

The  gas  and  residual  particles  entering  multi- 
cyclone  inlet  42  flow  downward  into  secondary 
separation  chamber  38,  which  houses  the  cy- 

45  clones.  The  size  of  this  vessel  will  depend  on  the 
type,  number,  and  layout  of  the  cyclones.  For  a 
unit  employing  a  multiplicity  of  essentially  horizon- 
tal  cyclones,  this  vessel  would  be  about  200  inches 
ID  and  540  inches  long.  The  particulates  separated 

50  from  the  gas  exits  vessel  38  through  conduit  44, 
which  is  47  inches  ID,  and  the  essentially  par- 
ticulate  free  gas  exits  vessel  38  through  secondary 
gas  outlet  48  and  line  50,  which  is  55  inches  ID. 

Another  especially  preferred  embodiment  of 
55  the  present  invention  is  shown  in  Figs.  6  and  7 

wherein  one  or  more,  preferably  a  plurality  of  the 
above-described  ballistic  separation  chambers  14 
are  installed  adjacent  the  upper  end  of  a  vertically 

8 
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extending  transport  riser  10  which  may  be  either 
internal  or  external  of  a  process  vessel.  In  such 
embodiment  gas  and  entrained  solids  flow  upwar- 
dly  in,  for  example,  a  fluid  bed  reactor  or  regenera- 
tor,  and  pass  from  the  upper  portion  thereof  into 
the  primary  inlet  of  each  of  a  plurality  of  ballistic 
separation  chambers  14  circumferentially  spaced 
around  the  shell  of  the  riser  and  radially  intending 
therefrom.  A  major  portion  of  the  entrained  par- 
ticulate  solids  is  separated  as  described 
hereinabove  in  chambers  14  and  passed  downwar- 
dly  from  the  bottoms  of  the  chambers,  for  return  to 
the  source  vessel,  while  the  gas  and  remaining 
entrained  solids  are  passed  upwardly  from  the  tops 
of  the  chambers  14  for  passage  into  cyclones  from 
which  the  substantially  solids-free  off-gas  is  dis- 
charged  to  the  atmosphere,  and  the  separated 
solids  are  returned  to  the  source  vessel.  In  such  an 
arrangement  the  cyclones  may  be  of  the  conven- 
tional  type,  for  example  conventional  two-stage 
large  vertical-type  cyclones,  or  horizontal  or  vertical 
small  multi-cyclones  may  be  used. 

Referring  to  Fig.  6,  for  the  purpose  of  exem- 
plification,  there  is  depicted  this  latter  embodiment 
of  the  invention  for  use  in  a  catalyst  regenerator  of 
a  MSCC  cracking  unit,  although  it  is  to  be  under- 
stood  that  it  may  also  be  used  in  FCC  reactors  and 
other  fluidized  bed  process  units.  Combustion  air 
and  spent  catalyst  from  an  FCC  reactor  flows 
through  transport  line  52,  into  the  bottom  portion  of 
regenerator  54  and  upwardly  in  regenerator  54. 
Carbonaceous  deposits  on  the  catalyst  particles 
are  burned  off  in  the  transport  line  and  regenerator 
to  regenerate  the  catalyst  and  restore  its  activity  so 
that  the  regenerated  catalyst  may  be  returned  to 
the  reactor  for  further  use.  Hot  catalyst  particles, 
combustion  air  and  combustion  products  rise  in  the 
regenerator,  into  regenerator  riser  10  extending  up- 
wardly  from  the  main  body  of  the  regenerator,  and 
to  the  top-most  portion  of  the  riser  where  the  gas 
and  entrained  solids  enter  primary  inlet  means  22 
into  each  of  primary  ballistic  separator  chambers 
14.  In  chambers  14  a  major  portion  of  the  entrained 
solids  is  separated  from  the  gas,  as  described  with 
respect  to  Figs.  1-3  and  discharged  from  chambers 
14  through  primary  solid  particle  outlet  means  26 
positioned  in  the  bottoms  of  each  of  chambers  14 
and  into  solids  withdrawal  line  28  extending  down- 
wardly  from  chamber  14.  Line  28  preferably  has  a 
cross-sectional  flow  area  at  its  upper  end  con- 
nected  to  primary  solids  outlet  26  which  about  10 
times  the  cross-sectional  flow  area  of  the  lower  end 
to  aid  in  de-gassing  the  separated  catalyst  passing 
downwardly  in  line  28.  Each  line  28  serves  as  a 
dipleg  and  is  sealed  at  the  bottom  with  a  counter- 
weighted  flapper  valve  34  which  permits  the  sepa- 
rated  regenerated  catalyst  to  drop  into  a  lower 
region  of  regenerator  cyclone  vessel  56  which  en- 

closes  the  separation  system  positioned  at  the  top 
end  portion  of  regenerator  riser  10,  while  prevent- 
ing  gas  in  vessel  56  from  flowing  into  chambers  14. 
The  separated  regenerated  catalyst  then  passes 

5  into  a  stripper  section  58  and  flows  downwardly 
therein  where  it  is  stripped  of  entrained  flue  gas 
with  steam  introduced  through  line  60.  Stripped 
regenerated  catalyst  is  then  returned  to  the  reactor 
at  one  or  more  locations  through  lines  61,  61'  and 

w  slide  valves  62,  62'. 
Separated  gas  containing  a  minor  portion  of 

the  entrained  catalyst  is  discharged  from  each  of 
chambers  14  through  primary  gas  outlet  means  36 
positioned  in  the  upper  portion  of  chamber  14  into 

is  the  upper  portion  of  cyclone  vessel  56  from  which 
the  gas  and  solids  flow  into  the  preferred  embodi- 
ment  of  an  internal  secondary  separator  as  shown 
in  Figure  6  and  detailed  in  Figure  7.  This  unique 
system  is  much  different  then  the  Europis  or  EM- 

20  TROL  system  depicted  in  Figure  5  in  that  this 
multi-cyclone  system  is  incorporated  inside  an  op- 
erating  process  vessel  56,  not  a  separate  vessel, 
the  gas  inlet  is  from  the  bottom  and  in  complete 
flow  communication  with  the  level  in  the  bottom  of 

25  vessel  56,  there  is  only  one  catalyst/solids  outlet 
line  44,  and  the  annular  area  around  the  off-gas 
collector  housing  66  and  the  body  of  the  catalyst 
outlet  vessel  64  decreases  from  the  bottom  to  the 
top  of  vessel  64.  The  gas  and  solids  from  the 

30  primary  separator  enter  the  secondary  separator 
from  the  bottom  and  flow  upwardly  into  the  gas 
inlets  42  of  a  plurality  of  horizontal  multi-cyclones 
46,  of  the  type  described  hereinabove,  for  remov- 
ing  substantially  all  of  the  remaining  entrained  cata- 

35  lyst  from  the  flue-gas.  The  cleansed  flue  gas  exits 
the  secondary  separator  through  multi-cyclone  out- 
lets  48  for  discharge  to  the  atmosphere  through  off- 
gas  collector  housing  66  and  off-gas  outlet  68 
connected  to  flue  gas  line  50.  The  catalyst  sepa- 

40  rated  in  the  secondary  separator  exits  the  multi- 
cyclones  46  through  catalyst  discharge  opening  69 
into  catalyst  outlet  vessel  64. 

Off-gas  collector  housing  66,  which  has  the 
form  of  an  inverted  cup,  is  positioned  over  the  top 

45  of  vessel  64  and  has  vertical  walls  extending  down- 
wardly  around  the  body  of  catalyst  outlet  vessel  64. 
Preferably,  the  top  head  of  vessel  64  also  forms 
the  inner  wall  of  the  top  portion  of  housing  66,  and 
the  outer  wall  of  such  top  portion  is  provided  with 

50  an  off-gas  outlet  68  connected  to  off-gas  line  50. 
A  plurality  of  horizontal  multi-cyclones  46  are 

spaced  around  the  circumference  of  catalyst  outlet 
vessel  64  at  one  or  more  elevations  along  the 
height  of  vessel  64.  Each  multi-cyclone  is  provided 

55  with  a  secondary  gas  inlet  42  on  the  bottom  there- 
of,  a  secondary  gas  outlet  means  48  in  flow  com- 
munication  with  the  interior  of  housing  66  and  a 
secondary  solids  outlet  69  in  flow  communication 

9 
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with  the  interior  of  catalyst  outlet  vessel  64.  Prefer- 
ably,  as  shown  in  Fig.  7,  multi-cyclones  46  are 
arranged  horizontally,  and  gas  outlets  48  and  solid 
outlets  69  are  positioned  at  opposite  ends  of  cy- 
clones  46. 

In  operation,  the  separated  gas  containing  a 
minor  amount  of  the  total  entrained  solids  exits 
from  primary  gas  outlets  36,  rises  in  cyclone  vessel 
56  and  flows  through  multi-cyclone  inlets  42  into 
multi-cyclones  46  which  separate  substantially  all 
of  the  remaining  entrained  solids  from  the  gas.  The 
thus-cleansed  gas  flows  horizontally  through  secon- 
dary  gas  outlets  48  into  gas  collector  housing  66, 
rises  and  exits  through  off-gas  outlet  68  into  off-gas 
line  50,  after  which  it  may  be  cooled  by  heat- 
exchange  70.  Separated  solids  are  discharged  hori- 
zontally  from  cyclones  46  through  solids  outlets  69 
and  pass  to  the  interior  of  catalyst  outlet  vessel  64 
wherein  they  fall  to  the  bottom  thereof  and  pass 
downwardly  through  dipleg  44  and  flapper  valve 
34'  into  a  lower  region  of  regenerator  cyclone  ves- 
sel  56.  Preferably,  flapper  values  34  and  34'  are  at 
the  same  elevation. 

The  latter-described  arrangement  of  the  secon- 
dary  separation  system  is  especially  advantageous 
for  enabling  the  use  of  multi-cyclones  in  new  or 
existing  vessels  that  contain  a  fluid  bed  or  transport 
line  riser  system  that  terminates  in  a  rough  cut 
fluidized  solids  separation  device  which  reduces 
the  catalyst  loading  to  the  multi-cyclones  to  less 
than  about  0.5  pounds  per  cubic  foot  of  gas.  By 
using  cyclones  of  20  inches  diameter  or  more,  the 
catalyst  attrition  is  greatly  reduced,  while  retaining 
higher  separator  efficiency  than  for  conventional 
separation  technology. 

Further,  if  one  were  to  design  a  catalyst  regen- 
erator  producing  6  wt.%  coke  for  50,000  BPD 
MSCC  Cracking  Unit  using  a  conventional  two- 
stage  cyclone  system  in  the  regenerator  upper 
cyclone  vessel,  the  internal  diameter  (ID)  of  this 
upper  vessel  would  be  about  34  feet,  with  a  tan- 
gent-to-tangent  (T-T)  length  of  about  45  feet.  By 
using  the  primary  ballistic  separator  and  secondary 
separator  system  described  herein  the  catalyst  re- 
generator  ID  can  be  decreased  to  about  23  feet 
and  its  T-T  length  can  be  decreased  to  about  36 
feet.  Correspondingly,  in  the  reactor  for  such  a  unit, 
the  T-T  length  can  be  reduced  from  about  45  feet 
to  about  24  feet,  while  maintaining  a  reactor  diam- 
eter  about  the  same  as  that  of  a  unit  using  conven- 
tional  separation  technology. 

Thus,  use  of  the  present  invention  permits  bet- 
ter  separation  efficiency  and  more  capacity  in  an 
existing  FCC  unit  or  lower  cost  in  a  new  FCC  unit. 

The  present  invention  has  been  described  in 
terms  of  preferred  embodiments  thereof  for  the 
purpose  of  illustration;  however,  modifications  and 
variations  falling  within  the  spirit  of  the  invention 

may  become  apparent  to  one  skilled  in  the  art,  and 
the  scope  of  the  invention  is  to  be  determined  by 
the  appended  claims  and  their  equivalents. 

5  Claims 

1.  Apparatus  for  separating  particulate  solids  from 
a  process  gas  stream,  which  apparatus  com- 
prises: 

io  (a)  a  primary  inlet  means  for  introducing 
into  said  apparatus  a  process  gas  stream 
containing  entrained  solid  particles  received 
from  a  source  vessel; 
(b)  a  primary  ballistic  separation  chamber  in 

is  flow  communication  with  said  primary  inlet 
means  for  receiving  said  gas  stream  and 
entrained  solid  particles  introduced  thereinto 
and  effecting  therein  a  ballistic  separation  of 
a  portion  of  said  solid  particles  from  said 

20  process  gas;  said  primary  separation  cham- 
ber  comprising;  (1)  a  first  chamber  portion 
having  a  first  end  portion  in  which  said 
primary  inlet  means  is  positioned  and  (2)  a 
second  chamber  portion  joined  to  and  in 

25  flow  communication  with  said  first  chamber 
portion,  having  a  cross  sectional  flow  area 
greater  than  that  of  said  first  chamber  por- 
tion  and  a  primary  gas  outlet  means  and  a 
second  end  portion; 

30  (c)  a  secondary  separator  chamber  for  re- 
ceiving  a  process  stream  containing  a  por- 
tion  of  said  solid  particles  from  said  second 
chamber  portion,  said  secondary  separator 
chamber  having  a  secondary  inlet  means 

35  connected  to  said  primary  gas  outlet  means 
and  providing  direct  flow  communication  be- 
tween  said  secondary  separator  chamber 
and  said  second  chamber  portion; 
(d)  a  plurality  cyclone  separators  positioned 

40  within  said  secondary  separator  chamber  for 
receiving  process  gas  and  entrained  solid 
particles  entering  said  secondary  separator 
chamber  and  for  separating  substantially  all 
of  said  solid  particles  in  the  process  gas 

45  entering  said  secondary  separator  chamber; 
(e)  a  secondary  solid  particle  outlet  means 
in  said  secondary  separation  chamber  for 
removal  of  solid  particles  separated  from 
process  gas  by  said  cyclone  separators; 

50  (f)  off-gas  outlet  means  in  said  secondary 
separator  chamber  for  removing  therefrom 
process  gas  substantially  free  of  said  solid 
particles; 
(g)  primary  solid  particle  outlet  means  in 

55  said  second  chamber  portion  for  removal  of 
a  portion  of  said  solid  particles  separated 
from  said  process  gas  in  said  primary  sepa- 
ration  chamber. 

10 
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2.  The  apparatus  of  claim  1  ,  wherein  each  of  said 
first  and  second  chamber  portions  is  an  elon- 
gated  horizontal  conduit,  said  primary  solid 
particle  outlet  means  is  positioned  in  a  lower 
portion  of  said  second  chamber  portion  inter- 
mediate  the  junction  of  said  first  and  second 
chamber  portions  and  a  second  end  portion  of 
said  second  chamber  portion  and  said  secon- 
dary  inlet  means  is  positioned  adjacent  a  lower 
portion  of  said  second  chamber  portion  inter- 
mediate  said  primary  inlet  means  and  said 
primary  solid  particle  outlet  means. 

3.  The  apparatus  of  claim  1,  which  further  in- 
cludes  a  baffle  internal  of  said  primary  separa- 
tion  chamber  and  positioned  between  said  pri- 
mary  inlet  means  and  said  secondary  inlet 
means. 

4.  The  apparatus  of  claim  3,  wherein  said  baffle 
extends  in  said  primary  separation  chamber 
from  said  first  chamber  portion  and  past  said 
secondary  inlet  means. 

5.  The  apparatus  of  claim  1,  which  further  in- 
cludes  conduit  means  connecting  each  of  said 
primary  and  secondary  solid  particle  outlet 
means  to  said  source  vessel  for  returning  sep- 
arated  solid  particles  to  said  source  vessel. 

6.  The  apparatus  of  claim  2,  wherein  said  secon- 
dary  separation  chamber  is  positioned  below 
said  second  chamber  portion,  said  secondary 
inlet  means  is  positioned  intermediate  an  up- 
per  portion  of  said  secondary  separator  cham- 
ber  and  said  second  chamber  portion,  and  said 
cyclone  separators  are  arranged  horizontally  in 
said  secondary  separation  chamber  below  said 
secondary  inlet  means. 

7.  The  apparatus  of  claim  1  ,  wherein  said  primary 
inlet  means  is  above  said  primary  solid  particle 
outlet  means. 

8.  The  apparatus  of  claim  5,  wherein  said  appara- 
tus  is  positioned  external  of  said  source  vessel. 

9.  The  apparatus  of  claim  5,  wherein  said  appara- 
tus  is  positioned  in  said  source  vessel. 

10.  The  apparatus  of  claim  6,  wherein  said  secon- 
dary  separator  chamber  extends  downwardly, 
said  off-gas  outlet  means  is  positioned  in  an 
upper  portion  thereof  and  said  secondary  solid 
particle  outlet  means  is  positioned  in  a  lower 
portion  thereof. 

11.  The  apparatus  of  claim  1,  further  including  a 
conduit  connected  to  said  primary  solid  par- 
ticle  outlet  means  and  extending  downwardly 
therefrom,  wherein  said  conduit  has  an  upper 

5  portion  adjacent  the  connection  to  said  primary 
particle  outlet  means  and  a  lower  portion,  said 
upper  portion  having  a  first  cross-sectional  flow 
area,  and  said  lower  portion  having  a  second 
cross-sectional  flow  area  smaller  than  said  first 

io  cross-sectional  flow  area. 

12.  The  apparatus  of  claim  11,  wherein  said  sec- 
ond  cross-sectional  flow  area  is  about  1/10  that 
of  said  first  cross-sectional  flow  area. 

15 
13.  The  method  of  separating  solid  particles  en- 

trained  in  a  process  gas  stream  and  producing 
an  off  gas  stream  substantially  free  of  solid 
particles,  which  method  comprises: 

20  (a)  introducing  a  stream  of  a  process  gas 
containing  entrained  solid  particles  from  a 
process  source  into  a  first  chamber  portion 
of  a  primary  ballistic  separation  chamber 
and  subsequently  passing  said  gas  and  sol- 

25  id  particles  into  a  second  chamber  portion 
of  said  separation  chamber  having  a  cross- 
sectional  flow  area  greater  than  that  of  said 
first  chamber  portion; 
(b)  separating  a  major  portion  of  said  solid 

30  particles  from  the  process  gas  by  gravity  in 
said  primary  separation  chamber; 
(c)  passing  a  process  gas  stream  containing 
a  minor  portion  of  said  solid  particles  from 
said  second  chamber  portion  to  a  plurality 

35  of  cyclone  separators  in  a  secondary  sepa- 
rator  chamber  and  separating  therein  sub- 
stantially  all  of  said  solid  particles  in  the 
process  gas  passed  into  said  secondary 
separator  chamber; 

40  (d)  passing  from  said  secondary  separator 
chamber  an  off-gas  stream  comprising  pro- 
cess  gas  substantially  free  of  said  solid 
particles  and  a  second  stream  comprising 
separated  solid  particles;  and 

45  (e)  passing  from  said  second  chamber  por- 
tion  a  third  stream  comprising  said  major 
portion  of  said  solid  particles  separated 
from  said  process  gas  stream. 

50  14.  The  method  of  claim  13,  wherein  said  stream 
of  process  gas  containing  solid  particles  is 
introduced  horizontally  into  said  first  chamber 
portion. 

55  15.  The  method  of  claim  14,  wherein  said  third 
stream  passes  downwardly  from  said  second 
chamber  portion  and  is  returned  to  said  pro- 
cess  source. 
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16.  The  method  of  claim  14,  wherein  said  second 
stream  passes  downwardly  from  a  lower  por- 
tion  of  said  secondary  separator  chamber  and 
is  returned  to  said  process  source. 

5 
17.  The  method  of  claim  14,  wherein  said  off  gas 

stream  passes  upwardly  from  an  upper  portion 
of  said  secondary  separator  chamber. 

18.  The  method  of  claim  13,  wherein  said  process  10 
source  is  a  processing  unit  selected  from  the 
group  consisting  of  at  least  one  of  a  fluidized 
combustion  process  unit,  a  fluidized  catalytic 
cracking  process  unit  and  a  fluidized  separa- 
tion  process  unit.  is 

19.  The  method  of  claim  13,  wherein  the  velocity 
of  said  process  gas  stream  containing  en- 
trained  solid  particles  introduced  into  said  first 
chamber  portion  is  from  about  40  to  about  150  20 
feet  per  second. 

20.  The  method  of  claim  13,  wherein  said  process 
gas  stream  containing  solid  particles  intro- 
duced  into  said  first  chamber  portion  contains  25 
not  more  than  about  2  pounds  of  solid  particles 
per  cubic  foot  thereof. 

21.  The  method  of  claim  13,  wherein  said  process 
gas  stream  containing  said  minor  portion  of 
said  solid  particles  contains  not  more  than 
about  0.5  pound  of  solid  particles  per  cubic 
foot  thereof. 

22.  The  method  of  claim  13,  wherein  said  off  gas 
stream  contains  not  more  than  about  0.0005 
pound  of  solid  particles  per  cubic  foot  thereof. 

23.  The  method  of  claim  13,  wherein  said  third 
stream  is  passed  downwardly  from  said  sec- 
ond  chamber  portion  through  a  conduit  having 
a  cross-sectional  flow  area  which  decreases 
from  the  upper  end  of  the  conduit  toward  the 
lower  end  thereof. 

24.  The  method  of  claim  23,  wherein  the  cross- 
sectional  flow  area  at  the  lower  end  of  said 
conduit  is  about  1/10  that  of  the  upper  end  of 
the  conduit. 

50 
25.  A  ballistic  separation  chamber  for  separating 

particulate  solids  from  a  process  gas  stream, 
which  chamber  comprises; 

(a)  a  first  chamber  portion  having  a  first  end 
portion  in  which  there  is  positioned  an  inlet  55 
means  for  introducing  thereinto  a  process 
gas  stream  containing  entrained  solid  par- 
ticles; 

(b)  a  second  chamber  portion  joined  to  and 
in  flow  communication  with  said  first  cham- 
ber  portion  so  as  to  provide  in  said  chamber 
a  flow  path  extending  from  said  inlet  means 
toward  a  second  portion,  said  second  cham- 
ber  portion  having  a  cross  sectional  flow 
area  greater  than  that  of  said  first  chamber 
portion  and  having  said  second  end  portion 
spaced  downstream  from  the  junction  of 
said  first  and  second  chamber  portions; 
(c)  solid  particle  outlet  means  positioned  in 
said  second  chamber  portion  for  removing 
therefrom  a  stream  rich  in  solid  particles; 
(d)  gas  outlet  means  positioned  in  said  sep- 
aration  chamber  intermediate  said  inlet 
means  and  said  solid  particle  outlet  means 
for  removing  therefrom  a  stream  rich  in 
process  gas;  and 
(e)  baffle  means  arranged  in  said  separation 
chamber  between  said  inlet  means  and  said 
gas  outlet  means  for  directing  the  process 
gas  stream  and  entrained  solid  particles  in- 
troduced  through  said  inlet  means  along 
said  flow-path  past  said  gas  outlet  means. 

26.  The  separation  chamber  of  claim  25,  wherein 
each  of  said  first  and  second  chamber  portions 
is  an  elongated  horizontal  conduit,  and  each  of 
said  solid  particle  outlet  means  and  said  gas 

30  outlet  means  is  positioned  in  a  lower  portion  of 
said  second  chamber  portion. 

27.  The  separation  chamber  of  claim  25,  wherein 
each  of  said  first  and  second  chamber  portions 

35  is  an  elongated  horizontal  conduit,  said  solid 
particle  outlet  means  is  positioned  in  a  lower 
portion  of  said  second  chamber  portion,  said 
horizontal  conduit  is  formed  into  an  arc  and 
said  primary  gas  outlet  means  is  positioned 

40  adjacent  the  inside  of  said  arc. 

28.  The  separation  chamber  of  claim  25,  wherein 
at  least  a  portion  of  one  of  said  first  and 
second  chamber  portions  is  an  elongated  hori- 

45  zontal  conduit  formed  into  an  arc  and  said  gas 
outlet  means  is  positioned  adjacent  the  inside 
of  said  arc. 

29.  The  separation  chamber  of  claim  28,  wherein 
said  first  and  second  chamber  portions  are 
each  formed  into  an  arc. 

30.  The  apparatus  of  claim  1  ,  wherein  each  of  said 
first  and  second  chamber  portions  is  an  elon- 
gated  horizontal  conduit,  said  primary  solid 
particle  outlet  means  is  positioned  in  a  lower 
portion  of  said  second  chamber  portion  and 
said  secondary  inlet  means  is  positioned  adja- 
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cent  an  upper  portion  of  said  second  chamber 
portion  intermediate  said  primary  inlet  means 
and  said  primary  solid  particle  outlet  means. 

31.  The  apparatus  of  claim  1,  wherein  at  least  a 
portion  of  one  of  said  first  and  second  cham- 
ber  portions  is  an  elongated  conduit  and  said 
gas  outlet  means  is  positioned  in  an  upper 
portion  of  said  second  chamber  portion. 

32.  The  method  of  separating  solid  particles  en- 
trained  in  a  process  gas  stream  and  producing 
a  gas  stream  having  a  reduced  solid  particle 
content,  which  method  comprises: 

(a)  introducing  a  stream  of  a  process  gas 
containing  entrained  solid  particles  into  a 
first  chamber  portion  of  a  ballistic  separation 
chamber  at  a  first  velocity; 
(b)  passing  said  stream  into  a  second 
chamber  portion  of  said  separation  chamber 
and  reducing  the  velocity  thereof  to  a  value 
lower  than  said  first  velocity  so  as  to  sepa- 
rate  a  major  portion  of  said  solid  particles 
from  said  process  gas  in  said  second  cham- 
ber  portion; 
(c)  withdrawing  said  major  portion  of  sepa- 
rated  solid  particles  from  a  lower  portion  of 
said  second  chamber  portion;  and 
(d)  withdrawing  a  process  gas  stream  con- 
taining  a  minor  portion  of  said  solid  particles 
from  said  second  chamber  portion. 

33.  The  method  of  claim  32,  wherein  said  process 
gas  stream  containing  entrained  solid  particles 
is  passed  through  at  least  a  portion  of  said 
separation  chamber  along  a  flow  line  forming 
an  arc  so  as  to  enhance  the  separation  of  said 
solid  particles  from  said  process  gas  by  centri- 
fugal  force. 

34.  The  method  of  claim  32,  wherein  said  process 
gas  stream  containing  a  minor  portion  of  said 
solid  particles  is  withdrawn  from  a  lower  por- 
tion  of  said  second  chamber  portion. 

35.  Apparatus  for  separating  entrained  particulate 
solids  from  a  fluidizing  gas,  which  apparatus 
comprises: 

(a)  primary  separation  means  for  separating 
a  major  portion  of  said  entrained  solids  from 
said  gas  and  producing  an  upwardly  flowing 
primary  separated  gas  containing  a  remain- 
ing  minor  portion  of  said  entrained  solids; 
and 
(b)  secondary  separation  means  positioned 
above  said  primary  separation  means  for 
receiving  said  primary  separated  gas,  re- 
moving  substantially  all  of  said  remaining 

solids  from  said  primary  separated  gas  and 
producing  an  off-gas  having  a  reduced 
solids  content,  said  secondary  separation 
means  including  an  off-gas  collector  hous- 

5  ing  having  an  off-gas  outlet  for  discharging 
said  gas  substantially  free  of  said  solids. 

36.  The  apparatus  of  claim  35,  wherein  said  sec- 
ondary  separation  means  includes  one  or  more 

io  horizontal  cyclones  each  having  a  secondary 
gas  inlet  for  receiving  said  primary  separated 
gas,  a  secondary  gas  outlet  in  flow  commu- 
nication  with  said  off-gas  collector  housing  and 
a  secondary  solids  outlet  for  discharging  there- 

15  from  substantially  all  of  said  remaining  solids. 

37.  The  apparatus  of  claim  36,  further  including  a 
vertically  extending  particulate  solids  outlet 
vessel  in  flow  communication  with  each  of  said 

20  secondary  solids  outlets  for  receiving  said  re- 
maining  solids  separated  in  said  secondary 
separator. 

38.  The  apparatus  of  claim  35,  wherein  said  pri- 
25  mary  separation  means  includes  one  or  more 

of  the  ballistic  separation  chambers  recited  in 
claim  25. 

39.  The  apparatus  of  claim  35,  further  including  a 
30  cyclone  vessel  enclosing  said  primary  separa- 

tion  means  and  said  secondary  separation 
means. 

40.  The  apparatus  of  claim  35,  further  including  a 
35  vertical  riser  having  a  top-most  portion,  and 

wherein  said  primary  separation  means  is  posi- 
tioned  adjacent  said  top-most  portion  and  is  in 
flow  communication  with  the  interior  of  said 
riser. 

40 
41.  The  apparatus  of  claim  39,  wherein  said  pri- 

mary  separation  means  comprises  a  plurality 
of  the  ballistic  separation  chambers  recited  by 
claim  25  spaced  around  the  circumference  of 

45  said  riser  and  extending  radially  therefrom. 

42.  The  apparatus  of  claim  37,  wherein  said  off- 
gas  collector  housing  has  a  cup-shaped  con- 
figuration  and  is  positioned  over  said  par- 

50  ticulate  solids  outlet  vessel. 

43.  Apparatus  for  separating  entrained  solid  par- 
ticulates  from  a  gaseous  fluidizing  media, 
which  apparatus  comprises; 

55  (a)  an  enclosed  vertically  extending  conical 
vessel  having  an  upper  portion,  a  lower 
portion,  and  a  side  wall  converging  inwardly 
from  said  upper  portion  to  said  lower  por- 
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44. 

tion; 
(b)  a  cup-shaped  enclosed  vessel  having  an 
inner  wall  and  an  outer  wall  spaced  there- 
from,  said  cup-shaped  vessel  being  fitted 
over  said  upper  portion  and  extending  5 
downwardly  around  the  side  wall  of  said 
conical  vessel  and  having  a  gas  outlet  in 
said  outer  wall  above  said  upper  portion  of 
said  conical  vessel  for  discharging  sepa- 
rated  gas;  and  10 

a  plurality  of  multi-cyclones  spaced  cir- 
cumferentially  around  said  side  wall  of  said 
conical  vessel  for  separating  said  solid  par- 
ticulates  and  gaseous  media,  said  cyclones 
having  an  inlet  for  receiving  a  stream  of  is 
said  gaseous  media  and  entrained  par- 
ticulate  solids,  a  gas  outlet  in  flow  commu- 
nication  with  the  interior  of  said  cup-shaped 
vessel  for  discharging  separated  gas  into 
said  cup-shaped  vessel,  and  a  solids  outlet  20 
in  flow  communication  with  the  interior  of 
said  conical  vessel  for  discharging  sepa- 
rated  particulate  solids  into  said  conical  ves- 
sel. 

25 
The  apparatus  of  claim  43,  further  including  a 
conduit  joined  to  and  extending  coaxially  from 
said  lower  portion  of  said  conical  vessel  and  a 
valve  means  on  one  end  of  said  conduit  op- 
posite  the  junction  of  said  lower  portion  and  30 
said  conduit. 

49.  The  apparatus  of  claim  48,  wherein  said  sec- 
ondary  inlet  means  is  positioned  horizontally 
between  said  primary  inlet  means  and  said 
primary  solid  particle  outlet  means. 

50.  The  separation  chamber  of  claim  25,  wherein 
each  of  said  first  and  second  chamber  portions 
is  an  elongated  vertical  conduit,  said  solid  par- 
ticle  outlet  means  is  positioned  below  the  sec- 
ond  chamber  inlet  and  said  gas  outlet  means 
is  positioned  horizontally  between  said  primary 
inlet  means  and  said  primary  solid  particle 
outlet  means. 

51.  The  method  of  claim  32,  wherein  each  of  said 
first  and  second  chamber  portions  is  an  elon- 
gated  vertical  conduit. 

45.  The  apparatus  of  claim  43,  wherein  a  portion  of 
said  inner  wall  of  said  cup-shaped  vessel 
forms  a  top  head  of  said  conical  vessel.  35 

46.  The  apparatus  of  claim  43  wherein  said  multi- 
cyclones  are  of  the  horizontal  type  and  extend 
radially  between  said  side  wall  of  said  conical 
vessel  and  said  inner  wall  of  said  cup-shaped  40 
vessel. 

47.  The  apparatus  of  claim  36,  further  including  a 
conical,  vertically  extending  particulate  solids 
outlet  vessel  in  flow  communication  with  each  45 
of  said  secondary  outlets  and  wherein  said  off- 
gas  collector  focusing  is  a  cup-shaped  vessel 
and  is  positioned  over  said  particulate  solids 
outlet  vessel. 

50 
48.  The  apparatus  of  claim  1  ,  wherein  each  of  said 

first  and  second  chamber  portions  is  an  elon- 
gated  vertical  conduit,  and  said  primary  solid 
particle  outlet  means  is  positioned  below  said 
second  chamber  inlet  at  said  second  end  por-  55 
tion. 
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